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1
METHOD AND TUBULAR SEMIFINISHED
PRODUCT FOR PRODUCING AN OPTICAL
FIBER

The present invention refers to a method for producing an
optical fiber by elongating a quartz glass preform or a coaxial
assembly of quartz glass components, the fiber comprising a
core zone with a refractive index n,, an inner cladding zone
overcladding the core zone and having a refractive index n, ,,
a ring zone surrounding the inner cladding zone and consist-
ing of doped quartz glass having a refractive index n, as well
as an outer cladding zone surrounding the ring zone, where:
Np<N, ;<N

Furthermore, the present invention refers to a tubular semi-
finished product for producing an optical fiber.

PRIOR ART

The attenuation of the light signal guided in an optical fiber
depends inter alia on bends of the fiber. Small bending radii
effect an increased optical attenuation. The signal loss can be
reduced by using bending-insensitive optical fibers. Such
fibers have been known for many years and more and more
attention is paid to them in the laying of fiber optic networks
up to the home (fiber-to-the-home; FTTH). With this appli-
cation, particularly small bending radii are often desired on
account of spatial restrictions or esthetic demands.

Such a bending-insensitive optical fiber is described in WO
2010/003856 Al, which also discloses a manufacturing
method for the fiber according to the above-mentioned type.
The bending-insensitive optical fiber comprises a core zone
with a refractive index n,,, a cladding zone overcladding the
core zone and having a refractive index n,,, a ring zone
surrounding the cladding zone and consisting of fluorine-
doped quartz glass having a refractive index n, as well as an
outer layer surrounding the ring zone and consisting of
undoped quartz glass with a refractive index n,,,, resulting in
aradial refractive index profile, where: n,,,>n<n. The fiber
is obtained by elongating a quartz glass preform or a coaxial
assembly of quartz glass components, wherein the quartz
glass of the ring zone is produced in a plasma outside depo-
sition process in that on a tubular or rod-shaped substrate
body a ring zone layer is produced from the fluorine-doped
quartz glass having a layer thickness of at least 1 mm and a
refractive index n=<1.4519.

To achieve an efficient production method and to minimize
the risk of waste, it is advantageous when the individual
components of the fiber are produced in separate method
steps and are only joined in a final step.

Such a method is described in EP 1 712 934 A1, which also
discloses a semifinished product according to the aforemen-
tioned type. For the manufacture of a large-volume preform a
semifinished product is provided that is exclusively com-
posed of a number of tube- or rod-shaped individual ele-
ments. The individual elements constitute a core rod which
has been formed by joining end-to-end stacked segments and
which is arranged inside an inner overclad tube. The inner
overclad tube is surrounded by an outer overclad tube. The
components are arranged to be coaxial with one another and
are directly drawn into the optical fiber in an elongating
process.

Hydroxyl groups and metallic impurities, such as chlorine,
aluminum or iron, may negatively affect the optical transmis-
sion of the fiber to be drawn. To minimize their impact, the
inner overclad tube shows an expensive quartz-glass quality
ot'high purity. On the other hand, in order to keep the costs of
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the semifinished product altogether low, it is suggested that
the outer overclad tube should have a higher concentration of
impurities.

It is true that the separate production of the individual
elements and their final joining in the fiber drawing process
are conducive to the low-cost production of optical fibers and
reduce the risk of waste. However, this automatically results
in additional surfaces and interfaces between the individual
elements to be joined, which augments interfacial problems
and increases the demands made on the quality of the inter-
faces. Special attention is here paid to the formation of
bubbles in the interfacial area.

DE 10 2008 047 736 B3 describes the use of a fluorine-
doped quartz glass tube for overcladding a core rod.

U.S. Pat. No. 6,263,706 B1 discloses a method for setting
a fluorine-concentration profile in a SiO, soot tube. The soot
tube is preferably fluorine-doped through the gas phase after
removal of a mandrel in that a fluorine-containing doping gas
is passed along the outer wall of the soot tube and either no gas
or helium is passed through the inner bore The refractive
index profiles produced are substantially parabolic with a
maximum in the tube center.

DE 600 04 778 T2 describes the manufacture of fluorine-
doped quartz glass bodies through a sol-gel-route. Fluorine
doping is carried out by adding a fluorine-containing start
substance to the sol, preferably tetramethylammonium fluo-
ride. After sintering the cylindrical quartz glass samples show
refractive index curves in the case of which the refractive
index is decreasing from the outside to the inside (and the
fluorine concentration is thus increasing from the outside to
the inside). The highest fluorine concentration is obtained in
the center. The decrease of the fluorine concentration at the
edge is ascribed to fluorine loss caused by heating.

U.S. Pat. No. 3,981,707 A describes the manufacture of an
optical fiber by collapsing a fluorine-doped quartz glass tube
which has an inhomogeneous radial fluorine concentration
profile in the case of which the fluorine concentration has a
maximum in the tube center and is decreasing towards the
inner tube wall and towards the outer tube wall. The fluorine
depletion in the area of the free tube surfaces is produced in
that the tube consisting of fluorine-doped quartz glass is
treated at a high temperature.

DE 101 55 134 C1 discloses a method for producing a
preform in that a core rod is provided at a predetermined
cladding/core ratio with a soot layer by means of a POD
(plasma outside deposition) process in a hydrogen-free atmo-
sphere, and the soot layer is subsequently dried and vitrified.
A hydroxyl croup content of less than 30 wt. ppb and a
defect-free contact area to the core rod are obtained in the
cladding glass.

TECHNICAL OBJECT

Itis the object of the present invention to provide a method
and a tubular semifinished product for the low-cost produc-
tion of an optical fiber that is distinguished by a high quality
of' the interface between core and cladding and by low bend-
ing sensitivity.

GENERAL DESCRIPTION OF THE INVENTION

As for the production method, this object starting from the
above-mentioned method is achieved according to the inven-
tion in that the quartz glass of the ring zone is provided in the
form of a ring zone tube consisting of quartz glass with a
mean fluorine content of at least 6000 wt. ppm, which has a
wall defined by an inner tube surface and an outer tube sur-
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face, a radial fluorine concentration profile being set over the
ring zone tube wall, said profile having an inner fluorine
depletion layer with a layer thickness of at least 1 pum and not
more than 10 pm, in which the fluorine content decreases
towards the inner tube surface and is not more than 3000 wt.
ppm in a near-surface region with a thickness of 1 um.

According to the invention the quartz glass for the ring
zone is provided in the form of at least one fluorine-doped
quartz glass tube, which is here called “ring zone tube”.

A fluorine-doped quartz glass tube is produced either with
the help of a so-called POD (plasma outside deposition) pro-
cess in that SiO, particles are directly vitrified into a quartz
glass tube by direct fluorine doping, or with the help of aCVD
method by hydrolysis or pyrolysis of silicon-containing start
compounds with buildup of a SiO, soot body which is sub-
sequently doped with fluorine and sintered.

The other individual elements, namely an outer cladding
tube of doped or undoped quartz glass for producing the outer
cladding zone of the fiber and the core rod for producing the
core zone and the inner cladding zone of the fiber, can also be
produced in separate processes and can subsequently be
arranged in the form of an assembly of coaxial components
for producing the fiber. The coaxial assembly is subsequently
collapsed into a preform or is elongated or is directly elon-
gated into a fiber. If a preform is first produced, said preform
is drawn in a separate method step into the optical fiber. In this
process or before that process it may be provided with addi-
tional cladding material. e.g. by adding further quartz glass in
tubular form or by outside deposition methods.

In a monomode fiber, the ring zone of fluorine-doped
quartz glass with a lower refractive index than the cladding
glass effects an additional conduction of the light mode. In
order to prevent an excessive change in the mode field diam-
eter as compared with a standard monomode fiber, the ring
zone has a slight distance from the core, i.e., it is separated
from said core by an inner cladding glass zone. Thus the ring
zone effects a reduction of the losses during fiber bending in
comparison with a standard fiber without ring zone, without
impairing the compatibility with standard monomode fibers.
This is important when bending-insensitive fibers with ring
zone are connected to standard fibers.

It is important that, when a contact area is formed towards
the core zone, the fluorine-doped ring zone tube is provided
over its wall with a radial fluorine concentration profile
decreasing towards the inner tube surface. It has been found
that this substantially reduces the formation of bubbles on the
interface with the core rod in the elongation process. The area
of reduced fluorine concentration in the edge portion of the
ring zone tube is hereinafter also called “fluorine depletion
layer”.

Doping with fluorine effects a reduction of the refractive
index of the quartz glass of the ring zone. With respect to a
high bending insensitivity of the optical fibers a high fluorine
concentration and a steeper refractive-index jump between
core rod and ring zone are advantageous. The fluorine content
is therefore set to at least 6000 wt. ppm and it can amount to
up to 15,000 wt. ppm. The refractive index decrease accom-
plished by fluorine doping as compared to undoped quartz
glass is atleast 2x10~* in comparison with the refractive index
of undoped quartz glass.

On the other hand, however, the problem regarding bubbles
on the interfaces is increasing within an increasing mean
fluorine content of the ring zone tube. Hence, the bubble-
reducing effect of the fluorine depletion layer is particularly
noticeable in the case of high average fluorine contents. The
method according to the invention is thus preferably notice-
able in ring zone tubes having high average fluorine contents
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of 6000 wt. ppm or more. The fluorine concentration that
follows from a spectroscopic measurement across the tube
wall is understood as the average fluorine content of the ring
zone tube. The fluorine depletion layer is here not signifi-
cantly noticeable because of its comparatively small thick-
ness.

Doping with fluorine effects a reduction of the refractive
index of the quartz glass of the ring zone. As has been men-
tioned above, a steeper refractive-index jump between core
rod and ring zone is advantageous for a high bending insen-
sitivity of the optical fiber. Fluorine concentration gradients
and thus radial refractive gradients are in this respect undes-
ired per se. Surprisingly, however, it has been found that layer
thicknesses of less than 10 pm are acceptable and represent a
suitable compromise between bending insensitivity of the
fiber and quality of the interface. At a layer thickness of less
than 1 um, however, there is no significant effect as regards a
reduced bubble formation.

The smaller the fluorine content in the fluorine depletion
layer, the smaller is the problem regarding the formation of
bubbles on the contact areas to the ring zone tube. In this
respect the fluorine depletion layer in a near-surface region
with a thickness of 1 um has a fluorine content of 3000 wt.
ppm or less. The particularly low fluorine content in the
near-surface region substantially contributes to a low bubble
formation.

The fluorine depletion layer is defined as that layer thick-
ness that has a fluorine concentration which has less than 80%
of'the maximum concentration of fluorine in the quartz glass
of the ring zone tube. Likewise, the fluorine-depleted near-
surface region is defined as that layer thickness that has a
fluorine concentration that is less than 80% of the maximum
concentration of fluorine in the quartz glass of the ring zone
tube.

What is decisive is the decline of the fluorine concentration
profile towards the core rod. However, it has been found to be
advantageous when the ring zone tube is provided with a
radial fluorine concentration profile over the ring zone tube
wall that also comprises an outer fluorine depletion layer in
which the fluorine concentration decreases towards the outer
tube surface.

This results in reduced bubble formation also on the inter-
face between ring zone and outer cladding zone. Less strict
demands are made on the dimension of the outer fluorine
depletion layer, on the steepness of the decrease in the fluo-
rine concentration and on the maximum concentration in the
near-surface region than in the case of the inner fluorine
depletion layer. The dimensions, profiles and concentrations
which have already been explained further above for the inner
fluorine depletion layer are at any rate adequate for the outer
fluorine depletion layer.

It has turned out to be advantageous when the fluorine
depletion layer has a layer thickness of less than 4 um.

Layer thicknesses of less than 4 um constitute a particu-
larly suitable compromise between bending insensitivity of
the fibers and quality of their inner interfaces to the ring zone
tube.

The ring zone tube is preferably produced without tools by
drawing a base tube from a fluorine-doped quartz glass while
forming fluorine depletion zones on the inner tube surface and
on the outer tube surface.

The heating of the base tube and the accompanying out-
diffusion of fluorine from the near-surface layers normally
lead however to a fluorine depletion on the inner surface and
on the outer surface, resulting in a flat concentration gradient.
The fluorine out-diffusion can be set by selecting the tem-
perature and the heating duration during elongation of the
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base tube such that a fluorine-depleted layer is obtained with
the above-mentioned dimensions and concentration profiles.
Suitable parameter pairs of temperature/heating duration can
be determined by the skilled person in a few tests.

Further indications are the outer diameter of the drawn ring
zone tube, which is preferably in the range of 10-50% of the
outer diameter of the base tube; typically, one obtains outer
diameters in the range of 30-70 mm, and the cylinder ratio of
outer diameter to inner diameter is in the ring zone tube 0.2 to
0.8 smaller than in the base tube.

As an alternative, the ring zone tube is heated after its
production in a separate method step for producing the fluo-
rine depletion layer with the desired thickness and the prede-
termined fluorine concentration profile. Also when the ring
zone tube is heated, the fluorine out-diffusion can be set by
selecting the temperature and the heating duration in a few
tests.

Heating the base tube in the drawing process or heating the
ring zone tube is carried out preferably by means of an electric
heater in a hydrogen-free atmosphere.

This reduces the input of hydroxyl groups into near-surface
regions of the ring zone tube.

Without any special precautions, a fluorine-depleted sur-
face layer with a thickness exceeding the target size may be
obtained after the drawing of the base tube. This result can
also be achieved during heating of the ring zone tube for the
purpose of setting a sufficiently thick fluorine depletion
layer—also on purpose. The excessive fluorine-depleted
layer thickness can be removed by etching with hydrofluoric
acid or a gaseous etchant. In this connection it has therefore
turned out to be useful to partly remove at least the inner tube
surface of the ring zone tube after drawing of the base tube or
during drawing.

Owing to the removal of the inner surface the thickness of
the fluorine depletion layer is reduced to the predetermined
desired value and a clean surface that is as defect-free as
possible is produced at the same time. The removing process
is preferably carried out by way of gas-phase etching to avoid
a loading of the quartz glass with water and hydroxyl groups.

The thickness of the fluorine-depleted surface layer may
amount to 15 um or more after drawing of the base tube or
after heating of the ring zone tube. It is important that in the
subsequent removal of the inner surface the removal depth is
smaller than said previously produced, fluorine-depleted sur-
face layer, so that a part thereof is maintained as the fluorine
depletion layer with the desired target thickness. In this
respect it has turned out to be advantageous when the removal
depth of the inner surface is in the range of 10-70% of the
original thickness of a fluorine-depleted surface layer.

The smaller the fluorine content in the fluorine depletion
layer, the smaller is the problem regarding the formation of
bubbles on the contact areas to the ring zone tube. In this
respect it has turned out to be advantageous when the fluorine
depletion layer in said near-surface region has a fluorine
content of not more than 2000 wt. ppm. A low fluorine content
in the near-surface layer with a layer thickness of 1 um sub-
stantially reduces the formation of bubbles.

It has been found that the hydroxyl group content in com-
bination with a high fluorine content can promote bubbles in
the region of the contact areas to the ring zone tube. A pro-
cedure is therefore preferred in which the quartz glass of the
ring zone tube in the area of the fluorine depletion layer has a
mean hydroxyl-group content of less than 1 wt. ppm and
preferably of less than 0.5 wt. ppm.

A small hydroxyl group content in the fluorine depletion
layer is e.g. achieved when the heating process during elon-
gation of a base tube for obtaining the ring zone tube or the
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heating of the ring zone tube for forming the fluorine deple-
tion layer is carried out in an electric heating zone in a hydro-
gen-free atmosphere.

A low hydroxyl group content is equally helpful for the
other individual elements to be joined with the ring zone tube
to avoid bubble formation. In this connection it has turned out
to be advantageous when the quartz glass of the inner clad-
ding zone is provided by a core rod that in the area of a surface
layer with a layer thickness of 10 um has a hydroxyl group
content of less than 0.5 wt. ppm.

This low hydroxyl group content in the near-surface area of
the core rod is e.g. achieved in that the core rod is elongated in
an electric heating zone, i.e., no hydrogen-containing flame is
used for flame polishing, or the like.

Itis also advantageous for the same reason when the quartz
glass of the outer cladding zone is provided by an outer
cladding tube that in the area of its inner surface has a surface
layer that in a layer thickness of 10 um has a hydroxyl group
content of less than 0.5 wt. ppm.

The outer cladding tube consists of doped or undoped
quartz glass and is preferably produced by an OVD soot-
buildup process and by subsequent dehydration in chlorine-
containing atmosphere and by sintering, including a
mechanical treatment and drawing into a cladding tube.

The low hydroxyl group content in the area of the inner
surface of the outer cladding tube is also realized in that the
inner surface of the outer cladding tube is produced by
mechanical treatment.

Due to the mechanical treatment, a possibly increased
hydroxyl group content in the surface area can be removed
without the introduction of new hydroxyl groups.

The heating of the ring zone tube for producing the fluorine
depletion layer can also be carried out during elongation of
the assembly consisting of carbon, ring zone tube and pos-
sible further individual parts. The length of the heating zone
and the feed rate of the assembly through the heating zone
should be paid attention to. In this respect it has turned out to
be advantageous when the quotient of heating zone length (in
mm) and feed rate of the base tube (in mm/min) is 10 min or
more.

The length of the heating zone is at least 150 mm and is
typically in the range of 180 mm to 250 mm. The temperature
in the range of the surface of the ring zone tube is at least
2200° C.

As for the tubular semifinished product for producing an
optical fiber, the above-mentioned object is achieved accord-
ing to the invention in that it consists of quartz glass having a
mean fluorine content of at least 6000 wt. ppm, and has a wall
defined by an inner tube surface and an outer tube surface,
over which a radial fluorine concentration profile is set that
has an inner fluorine depletion layer with a layer thickness of
at least 1 pm and not more than 10 pm, in which the fluorine
content decreases towards the inner tube surface and is not
more than 3000 wt. ppm in a near-surface region with a
thickness of 1 pm.

The semifinished product in the form of a fluorine-doped
quartz glass tube is here designated as a “ring zone tube”. Said
tube is produced either with the help of a so-called POD
(plasma outside deposition) method in which SiO, particles
are directly vitrified into a quartz glass tube synthetically by
direct fluorine doping, or with the help of a CVD method by
hydrolysis or pyrolysis of silicon-containing start compounds
with buildup of a SiO, soot body that is subsequently doped
with fluorine and is sintered.

The ring zone tube serves to produce an optical fiber by
means of the above-described method and is here processed
in a coaxial assembly together with other individual elements,
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including an outer cladding tube and a core rod, into a preform
or into a fiber. The inner tube surface and the outer tube
surface are softened and fused with quartz glass of other
individual elements consisting of quartz glass. Due to the
fluorine content of the ring zone tube, bubbles may form on
the contact areas.

To counteract this effect, the ring zone tube according to
the invention is provided over its wall with a radial fluorine
concentration profile which decreases at least towards the
inner surface. As a result, the formation of bubbles on the
interface to the core rod is substantially reduced during elon-
gation of the semifinished product. The portion of reduced
fluorine concentration in the edge portion of the ring zone
tube is called “fluorine depletion layer”.

Doping with fluorine effects a reduction of the refractive
index of the quartz glass of the ring zone. With respect to a
high bending insensitivity of the optical fibers a high fluorine
concentration and a steep refractive-index jump between core
rod and ring zone are advantageous. The fluorine content of
the ring zone tube is therefore at least 6000 wt. and it can
amount to up to 15,000 wt. ppm. The refractive index reduc-
tion caused by fluorine doping as compared with undoped
quartz glass is at least 2x107™* in comparison with the refrac-
tive index of undoped quartz glass.

On the other hand, however, the problem regarding bubbles
on the interfaces is increasing within an increasing mean
fluorine content of the ring zone tube.

Hence, the bubble-reducing effect of the fluorine depletion
layer is particularly noticeable in the case of high mean fluo-
rine contents. The method according to the invention is thus
preferably noticeable in ring zone tubes having high mean
fluorine contents of 6000 wt. ppm or more.

Doping with fluorine effects a reduction of the refractive
index of the quartz glass of the ring zone. As has been men-
tioned above, a steeper refractive-index jump between core
rod and ring zone is advantageous for a high bending insen-
sitivity of the optical fiber. Fluorine concentration gradients
and thus radial refractive gradients are in this respect undes-
ired per se. Layer thicknesses of less than 10 um are however
acceptable and represent a suitable compromise between
bending insensitivity of the fiber and quality of the interface.
At a layer thickness of less than 1 um, however, there is no
significant effect as regards reduced bubble formation.

The smaller the fluorine content in the fluorine depletion
layer, the smaller is the problem regarding the formation of
bubbles on the contact surfaces to the ring zone tube. In this
respect the fluorine depletion layer in a near-surface region
with a thickness of 1 um has a fluorine content o£ 3000 wt ppm
or less. The particularly low fluorine content in the near-
surface region substantially contributes to a low bubble for-
mation.

The fluorine depletion layer and the fluorine-depleted near-
surface region have been defined further above with reference
to the method according to the invention.

Advantageous developments of the semifinished product
according to the invention follow from the sub-claims. Inso-
far as configurations of the semifinished product indicated in
sub-claims copy the procedures indicated in sub-claims with
respect to the method according to the invention, reference is
made for supplementary explanation to the above statements
on the corresponding method claims.

The ring zone tube serves to produce an optical fiber. To
this end it is arranged together with other individual elements,
including an outer cladding tube of doped or undoped quartz
glass and a core rod, which are each produced in separate
processes, in the form of the component assembly. This
assembly is subsequently processed into a preform or directly
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into a fiber. It is essential that the fluorine-doped ring zone
tube is provided across its wall with a radial fluorine concen-
tration profile that is decreasing to the inner surface. As a
result, the formation of bubbles on the interface to the core rod
is considerably reduced during elongation of the semifinished
product.

The ring zone tube brings about an increased bending
insensitivity in the optical fiber drawn therefrom.

The core rod is preferably composed of a plurality of core
rod segments which are arranged end to end in axial direction
within the ring zone tube. The segmentation of the core rod
permits core rod lengths of any desired dimensions.

An annular gap with a gap width in the range of preferably
0.5 to 2 mm remains in the assembly between the core rod and
the ring zone tube. The same is true for the ring gap between
the ring zone tube and the outer cladding tube.

The ratio of outer diameter to inner diameter of the ring
zone tube is preferably within the range between 1.4 and 1.8,
at a preferred wall thickness between 2 and 12 mm. The
length of the ring zone tube is typically between 1 and 3 m,
wherein a plurality of ring zone tube sections can be welded
end to end to one another.

EMBODIMENT

The invention will now be explained in more detail with
reference to embodiments and a patent drawing, which draw-
ing shows in detail in:

FIG. 1 a diagram with radial concentration profiles of SiO,
and fluorine in the area of the outer tube surface of a ring zone
tube, and

FIG. 2 a diagram with radial concentration profiles of SiO,
and fluorine in the area of the inner tube surface of a ring zone
tube.

A soot body is produced with the help of a standard soot
deposition method and is subsequently doped with fluorine.

After vitrification of the soot body a quartz glass cylinder is
obtained with an outer diameter of 200 mm, an inner diameter
of 80 mm, resulting in a ratio of outer diameter to inner
diameter of 2.5. The quartz glass has a mean hydroxyl group
content of 0.1 wt. ppm and a mean fluorine content of 6100
wt. ppm, which yields a refractive index decrease as com-
pared with undoped quartz glass.

The start cylinder is drawn without tools into a ring zone
tube having an outer diameter of 38 mm, an inner diameter of
25 mm, and a wall thickness of 6.5 mm.

The start cylinder is here fed in a hydrogen-free nitrogen
atmosphere to an electric heating zone at a temperature of at
least 2200° and at a length “L”” 0of 170 mm at a feed rate “v” of
10 mm/min, resulting in a value of 10 min for the quotient L/v.

The ring zone tube obtained thereafter is distinguished by
an inner tube surface which is smoothed by hot forming and
has a particularly high surface quality. A fluorine-depleted
surface layer with a thickness of about 5 um is formed by
heating during the elongation process in the area of the inner
and outer tube surfaces of the ring zone tube.

The corresponding concentration profile in the area of the
outer surface is shown in FIG. 1. The concentrations for
fluorine (curve 2) and SiO, (curve 1) are plotted on the ordi-
nate in relative units (based on the respective maximum con-
centration of SiO, and fluorine), and the radial position is
plotted in [pm] on the abscissa. The gradual rise in the respec-
tive concentration profiles and the offset from the zero point
is due to the spatial resolution of the measuring method.

The layer thickness that has a fluorine concentration of less
than 80% of the maximum value is defined as the “fluorine
depletion layer”. The associated position is designated with
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“B” in FIG. 1. The concentration of SiO, represents the ref-
erence point (zero point) for the position value. The zero point
for the position, which zero point pertains to the 80% con-
centration value, is designated with “A” in FIG. 1. The layer
thickness for the fluorine depletion layer thus follows from
the distance A-B of the concentration profiles of fluorine and
SiO, at the 80% concentration value. In the near-surface
region of up to 1 um the fluorine concentration is less than
2100 wt. ppm and the thickness of the fluorine-depleted sur-
face layer is in this case about 7 um on the whole. It is
acceptable for the outer cylinder jacket of the ring zone tube,
but not optimal for the inner cylinder jacket.

Therefore, the inner surface of the ring zone tube, which
after elongation has a similar fluorine depletion layer as the
outer cladding, is etched off in that a hot gas stream of etching
gas (SFy) is passed through the inner bore. The concentration
profiles obtained thereafter on the inner wall are shown in
FIG. 2. It follows from the comparison of the concentration
profiles of SiO, (curve 2) and fluorine (curve) that due to the
removal of the inner surface the thickness of the fluorine
depletion layer is adjusted to the predetermined desired value
of about 1.5 um and a steeper concentration curve is simul-
taneously obtained in the near-surface region. Due to the
etching process a clean and defect-free surface is produced. In
this case, too, the layer thickness which has a fluorine con-
centration which is less than 80% of the maximum concen-
tration of fluorine and which can be read by way of the
positional distance A-B is defined as the fluorine depletion
layer. The mean fluorine content within the fluorine depletion
layer is more than 3000 wt. ppm and it is about 2800 wt. ppm
within an inner near-surface region of 1 pm.

It is true that the mean chlorine content of the ring zone
tube is 200 wt. ppm and the nominal hydroxyl group content
of'the quartz glass of the ring zone tube is 0.1 wt. ppm. Due to
the elongation process, it is however increased near the sur-
face to maximum values of 5 wt. ppm or more. Due to the
subsequent gas-phase etching a layer with a relatively high
hydroxyl group content is however removed, so that a mean
hydroxyl group of not more than 0.4 wt. ppm is obtained on
the surface of the fluorine depletion layer, measured over a
layer thickness of 1 um.

The ring zone tube obtained thereby is used for overclad-
ding a core rod in a rod-in-tube method. To this end segments
are cutto the desired lengths from the ring zone tube. The core
rod has a GeO, doped core region with a radius of 12 mm and
is surrounded with an inner cladding of undoped quartz glass
having a layer thickness of 5.5 mm.

The core rod is inserted into the inner bore of the ring zone
tube and the tube, in turn, is surrounded by a jacket tube of
undoped quartz glass with the refractive index n, ,, that has an
outer diameter of 175 mm, an inner diameter of 40 mm, and
a mean chlorine content of 1800 wt. ppm.

This coaxial arrangement of components is subsequently
introduced into a drawing furnace in vertical orientation and
is softened therein zone by zone, starting with the lower end,
and a fiber is drawn from the softened region. The outer and
inner “fluorine depletion layers” of the ring zone tube serve as
“passivation layers” that reduce the out-diffusion of fluorine
and thereby prevent the formation of bubbles in the area of the
interfaces. The fluorine depletion layers thereby contribute to
a low-defect contact area and interface to the core rod and to
the jacket tube.

A bending-insensitive optical single-mode fiber with an
outer diameter of 125 um is drawn; it is distinguished by aring
zone with a high fluorine concentration and is has a distance

15

20

25

30

35

40

45

50

55

60

65

10

from the outer region of the core zone. The following is true
for the radial course of the refractive index of the assembly:
N7 > N0 <D

The invention claimed is:

1. A method for producing an optical fiber, said method
comprising:

providing a quartz glass preform or a coaxial assembly of

quartz glass components; and

elongating said preform or coaxial assembly so as to form

the optical fiber;

the fiber comprising

a core zone with a refractive index ng,

an inner cladding zone overcladding the core zone and
having a refractive index n,;,

a ring zone surrounding the inner cladding zone and
consisting of doped quartz glass having a refractive
index nz, and

an outer cladding zone surrounding the ring zone,
where: nz<n,,<n,; and

wherein the preform or coaxial assembly includes the

quartz glass of the ring zone in the form of a ring zone

tube consisting of quartz glass with a mean fluorine
content of at least 6000 wt. ppm,

said ring zone tube having a wall defined by an inner tube

surface and an outer tube surface,

the ring zone tube wall having a radial fluorine concentra-

tion profile over a radial thickness of the ring zone tube

wall,

said profile having an inner fluorine depletion layer with a

layer thickness of at least 1 um and not more than 10 um,

the inner fluorine depletion layer having a near-surface
region with a thickness of 1 um near the inner tube
surface, and

the inner fluorine depletion layer having a fluorine content

that decreases towards the inner tube surface and is not

more than 3000 wt, ppm in said near-surface region.

2. The method according to claim 1, wherein the radial
fluorine concentration profile has an outer fluorine depletion
layer with a fluorine concentration that decreases towards the
outer tube surface.

3. The method according to claim 1, wherein the inner
fluorine depletion layer has a layer thickness of at least 1 um
and less than 4 um.

4. The method according to claim 3, wherein at least the
inner tube surface of the ring zone tube is partly removed after
drawing or during drawing of a base tube, and the removal
depth of the inner tube surface is in a range of 10% to 70% of
an original thickness of a fluorine-depleted surface layer.

5. The method according to claim 1, wherein the ring zone
tube is produced without tools by drawing a base tube from a
fluorine-doped quartz glass while forming fluorine depletion
zones on the inner surface and on the outer surface.

6. The method according to claim 1, wherein the fluorine
content in the near-surface layer is not more than 2000 wt.
ppm.

7. The method according to claim 1, wherein the quartz
glass of the ring zone tube in the area of the inner fluorine
depletion layer has a mean hydroxyl-group content of less
than 1 wt. ppm.

8. The method according to claim 1, wherein the quartz
glass of the inner cladding zone is provided by a core rod that
has an outer surface layer with a layer thickness of 10 um,
wherein said outer surface layer is of quartz glass that has a
hydroxyl group content of less than 0.5 wt. ppm.
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9. The method according to claim 1, wherein the quartz
glass of the ring zone tube in the area of the inner fluorine
depletion layer has a mean hydroxyl-group content of less
than 0.5 wt. ppm.

10. The method according to claim 1, wherein the inner
fluorine depletion layer has a mean fluorine content across the
layer thickness thereof that is greater than 3000 wt. ppm.

11. The method according to claim 1, wherein the radial
thickness of the ring zone tube wall is at least 6.5 mm.

12. A method for producing an optical fiber, said method
comprising:

providing a quartz glass preform or a coaxial assembly of

quartz glass components; and

elongating said preform or coaxial assembly so as to form

the optical fiber; the fiber comprising

a core zone with a refractive index ng;

an inner cladding zone overcladding the core zone and
having a refractive index n,;

a ring zone surrounding the inner cladding zone and
consisting of doped quartz glass having a refractive
index n,; and

an outer cladding zone surrounding the ring zone,
where: nz<n,,<ng; and

wherein the preform or coaxial assembly includes the

quartz glass of the ring zone in the form of a ring zone

tube;

said ring zone tube having a wall extending between an

inner tube surface and an outer tube surface and having

aradial thickness of at least 2 mm, and having a fluorine

concentration over the radial thickness that includes a

maximum fluorine concentration at one or more points;

said wall including an inner fluorine depletion layer with a

layer thickness of at least 1 um and not more than 10 um;

the inner fluorine depletion layer having a near-surface
region with a thickness of 1 um near the inner tube
surface;

the wall having a mean fluorine content over the radial

thickness thereof of at least 6000 wt. ppm;

the inner fluorine depletion layer having a fluorine content

that is less than 80% of the maximum fluorine concen-
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tration over the layer thickness and that decreases
towards the inner tube surface;

the near-surface region having a fluorine content that is not

more than 3000 wt. ppm.

13. The method according to claim 12, wherein the ring
zone wall has an outer fluorine depletion layer with a fluorine
concentration that decreases towards the outer tube surface.

14. The method according to claim 12, wherein the inner
fluorine depletion layer has a layer thickness of at least 1 um
and less than 4 um.

15. The method according to claim 14, wherein at least the
inner tube surface of the ring zone tube is partly removed to a
removal depth during or after drawing of a base tube, and the
removal depth of the inner tube surface is in a range of 10% to
70% of an original thickness of a fluorine-depleted surface
layer.

16. The method according to claim 12, wherein the ring
zone tube is produced by drawing a base tube from fluorine-
doped quartz glass while forming fluorine depletion zones on
the inner surface and on the outer surface.

17. The method according to claim 12, wherein the fluorine
content in the near-surface layer is not more than 2000 wt.
ppm.

18. The method according to claim 12, wherein the quartz
glass of the inner fluorine depletion layer has a mean
hydroxyl-group content of less than 1 wt. ppm.

19. The method according to claim 12, wherein the quartz
glass of the ring zone tube in the inner fluorine depletion layer
has a mean hydroxyl-group content of less than 0.5 wt. ppm.

20. The method according to claim 12, wherein the quartz
glass of the inner cladding zone is provided by a core rod that
has an outer surface layer with a layer thickness of 10 um,
wherein said outer surface layer is of quartz glass that has a
hydroxyl group content of less than 0.5 wt. ppm.

21. The method according to claim 12, wherein the inner
fluorine depletion layer has a mean fluorine content across the
layer thickness thereof that is greater than 3000 wt. ppm.
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